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(54) Composite particles and production process thereof, aqueous dispersion composition for 
chemical polishing, and process for manufacture of semiconductor device 

(57) The present invention provides composite par- sequestered without bonding. CMP slurries containing 
tides with sufficient strength and hardness and excel- these particles can be advantageously utilized for man- 
lent heat resistance, a production process thereof, an ufacture of various semiconductor devices, and particu- 
aqueous dispersion containing the composite particles, larly for polishing of wafer surfaces, 
a CMP slurry which is suitable for manufacture of semi- 
conductor devices, and a process for manufacture of 
semiconductor devices that employs it. The composite 
particles are prepared by bonding a silane coupling 
agent and the like, to divinylbenzene polymer particles 
and then reacting a specific metal alkoxide, colloidal 
metal oxide and colloidal silica therewith to form a metal 
compound section and the like, consisting of a metal- 
loxane bond-containing section or metal oxide particle 
section on at least one of the interior and surface of the 
polymer particles. The metal compound section, and 
the like, can also be formed without using a silane cou- 
pling agent. The metalloxane bond-containing section, 
metal oxide particle section and the like, are preferably 
bonded by chemical bonding and/or non-chemical 
bonding to the polymer particles via a silane coupling 
agent and the like, or directly, but they may also be 
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Description 

[BACKGROUND OF THE INVENTION] 
5 [Technical Field of the Invention] 

[0001 ] The present invention relates to composite particles and a production process thereof, as well as to an aque- 
ous dispersion containing the composite particles and water, to an aqueous dispersion composition for chemical 
mechanical polishing (hereunder referred to as "CMP slurry"), and to a process for manufacture of semiconductor 
io device. 

[0002] The composite particles of the invention have adequate strength and hardness, excellent heat resistance, 
and can be utilized as cosmetics, electronic materials, magnetic materials, coating materials, paints, spacers, optical 
materials, catalysts, photocatalysts, fillers, electronic material film lubricants, diagnostic agents, drugs, conductive 
materials, sensor materials, toners, resin modifiers, inks, adsorbing agents, ultraviolet-resistant materials, masking 
is materials and the like, and can also be in the form of an aqueous dispersion to be used as a polishing material for mag- 
netic disks or wafers. The CMP slurry of the present invention can also be suitably used for manufacture of various sem- 
iconductor device. 

[Prior Art] 

20 

[0003] For such uses as standard particles, diagnostic agent carrier particles, lubricants and the like, it has been 
conventional to use polymer particles with a narrow particle size distribution obtained by copolymerizing vinyl mono- 
mers or the like. However, such polymer particles do not always have sufficient strength and heat resistance, and when 
used as standard particles or lubricants, application of excess shear stress or exposure to high temperature can cause 
25 deformation or destruction of the particles, and therefore their uses are limited. In order to deal with these problems 
there have been proposed particles made of copolymers of crosslinkable vinyl monomers, for example, that are copol- 
ymerized with a high degree of crosslinking. However, particles made of such crosslinked polymers have lower hard- 
ness and insufficient heat resistance compared to inorganic-based particles, and therefore are not suitable for a very 
wide range of uses. 

30 [0004] For uses such as electronic materials, magnetic materials, heat-resistant materials and the like there have 
been employed particles made of numerous metal compounds, and a variety of composite particles have been pro- 
posed for diverse purposes. As such types of composite particles there may be mentioned composite particles com- 
prising iron oxide particles coated with silicon compounds, so that in production of filamentous magnetic bodies by heat 
treatment it is possible to prevent shape collapsing and sintering between magnetic bodies; composite particles com- 

35 prising iron powder coated with copper as a high strength material for powder metallurgy; and composite particles com- 
prising iron oxide particles coated with antimony oxide and aluminum oxide for improved heat resistance. However, 
since such composite particles are all composed of metal compounds, they are too hard and are not always adequately 
suited for diverse purposes. The development of composite particles with appropriate hardness has thus become a 
necessity particularly in the fields of electronic materials, magnetic materials, optical materials, polishing materials, and 

40 so forth. 

[0005] Aqueous dispersions of oxide particles such as colloidal silica or colloidal alumina have been commonly 
used in the prior art as polishing materials for chemical mechanical polishing of semiconductor element surfaces and 
semiconductor element interlayer insulating films in semiconductor devicees, and particularly as polishing materials for 
wafer surfaces. However, aqueous dispersions of such oxide particles tend to form aggregates due to their low disper- 
45 sion stability, and the aggregates create surface defects (hereunder referred to as "scratches") in polishing surfaces, 
that result in reduced yields of the semiconductor products. As a method of improving this situation there have been 
proposed a method of adding surfactants to oxide particle dispersions, a method of using homogenizers or the like for 
more even dispersion, and a method of removing the aggregates with filters. However, these measures not only fail to 
improve the polishing materials themselves, but can also create new problems, such as lower polishing rates and con- 
so tamination of polishing surfaces by metal ions. 

[0006] Japanese Laid-open Patent Publication No. Hei-7-86216 discloses a process for production of a semicon- 
ductor device by chemical mechanical polishing using particles made of an organic polymer compound. In this process, 
the residual polishing particles can be fired and removed after polishing, to thus avoid imperfections in semiconductor 
devicees by those residual particles. Nevertheless, since the particles made of this organic polymer compound have 
55 lower hardness than silica or alumina particles, it has not been possible to achieve high polishing rates therewith. 
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[Problems to be Solved by the Invention] 

[0007] It is an object of the present invention to overcome these problems of the prior art by providing composite 
particles that have adequate strength and hardness, excellent heat resistance, and suitable flexibility due to provision 

5 of metal compound sections in th interior and on the surface of the polymer particles, thus allowing their use for the 
wide range of purposes mentioned above, as well as a production process thereof. It is another object of the present 
invention to provide an aqueous dispersion containing these composite particles and water, which is useful for a variety 
of purposes such as electronic materials, magnetic materials, optical materials, and the like, and particularly an aque- 
ous dispersion to be used for polishing of magnetic disks. 

10 [0008] It is yet another object of the invention to overcome the aforementioned problems of the prior art by providing 
a CMP slurry wherein a silicon compound section or metal compound section is provided in the polymer particles to 
give the surface thereof adequate strength and hardness, excellent heat resistance and suitable flexibility and to 
increase the polishing rate while also preventing scratches, and by providing a process for manufacture of semiconduc- 
tor devices using the CMP slurry. The CMP slurry is useful for chemical mechanical polishing in the manufacture of 

15 semiconductor devicees, and especially chemical mechanical polishing of wafer surfaces. 

[Summary of the Invention] 

[0009] The composite particles of the present invention are characterized by having polymer particles and at least 
20 one of a metal compound section (at least one of a metalloxane bond-containing section and a metal oxide particle sec- 
tion, provided that titanium is not the metal of the metalloxane bond-containing section) and a silica particle section 
formed directly or indirectly on the polymer particles. 

[0010] The production process for the composite particles of the present invention is characterized by chemically 
bonding part of a coupling compound to polymer particles and then at least one of (1 ) chemically bonding or chemically 
25 bonding and polycondensing a compound of © below and (2) chemically bonding a compound of @ below to another 
part of the coupling compound to form at least one of a metal compound section and a silica particle section indirectly 
on the polymer particles. 

© A compound represented by the general formula RnM(OFV)z-n (where R is a monovalent organic group of 1-8 
30 carbon atoms, R' is an alkyl group of 1 -5 carbon atoms, an acyl group of 2-6 carbon atoms or an aryl group of 6-9 
carbon atoms; M is Al. V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge, Zr, Nb, Mo, Sn, Sb, Ta, W, Pb or Ce; and z is the valency 
of M. Also, n is an integer of 0 to (z-1), and when n is 2 or greater, each R may be the same or different. When (z- 
n) is 2 or greater, each R' may be the same or different.) 

@ At least one from among colloidal alumina, colloidal titania, colloidal zirconia, colloidal ceria and colloidal silica. 

35 

[0011] Further, the production process for the composite particles according to another invention is characterized 
by at least one of (1) chemically bonding or chemically bonding and polycondensing the compound of © and (2) chem- 
ically bonding the compound of @ to polymer particles in the presence of the polymer particles, to form at least one of 
a metal compound section and a silica particle section directly on the polymer particles, without using the coupling com- 

40 pound used for the present invention. 

[001 2] The aqueous dispersion of the present invention is characterized by containing water and composite parti- 
cles having polymer particles and at least one of a metal compound section (at least one of a metalloxane bond-con- 
taining section and a metal oxide particle section, provided that titanium is not the metal of the metalloxane bond- 
containing section) and a silica particle section formed directly or indirectly on the polymer particles. 

45 [001 3] The CMP slurry of the present invention is characterized by containing water and composite particles having 
polymer particles and at least one of a silicon compound section and a metal compound section formed directly or indi- 
rectly on the polymer particles. 

[0014] The CMP slurry according to another invention is characterized by containing water and composite particles 
obtained by chemically bonding part of a coupling compound to polymer particles and then at least one of (1) chemi- 
so cally bonding or chemically bonding and polycondensing a compound of © and (2) chemically bonding a compound of 
@ to another part of the coupling compound, to form at least one of a silicon compound section and a metal compound 
section indirectly on the polymer particles. 

[001 5] Further, the CMP slurry according to another invention is characterized by containing water and composite 
particles obtained by at least one of (1) chemically bonding or chemically bonding and polycondensing the compound 
55 of © and (2) chemically bonding the compound of © in the presence of polymer particles, to form at least one of a 
silicon compound section and a metal compound section directly on the polymer particles. 

[001 6] The process for manufacture of a semiconductor device according to the present invention is characterized 
in that a CMP slurry containing water and composite particles having polymer particles and at least one of a silicon 
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compound section and a metal compound section formed directly or indirectly on the polymer particl s, is used for man- 
ufacture of a semiconductor device . 

[001 7] The process for manufactur of a semiconductor device according to another invention is characterized in 
that a CMP slurry containing water and composite particles obtained by chemically bonding part of a coupling com- 
5 pound to polymer particles and then at least one of (1) chemically bonding or chemically bonding and polycondensing 
a compound of (D and (2) chemically bonding a compound of @ to another part of the coupling compound, to form at 
least one of a silicon compound section and a metal compound section indirectly on the polymer particles, is used for 
manufacture of a semiconductor device. 

[001 8] Further, the process for manufacture of a semiconductor device according to another invention is character- 
10 ized in that an aqueous dispersion composition for chemical mechanical polishing containing water and composite par- 
ticles obtained by at least one of (1) chemically bonding or chemically bonding and polycondensing a compound of ® 
and (2) chemically bonding a compound of @ to polymer particles in the presence of the polymer particles, to form at 
least one of a silicon compound section and a metal compound section directly on the polymer particles, is used for 
manufacture of a semiconductor device. 

15 

[Effect of the Invention] 

[0019] The composite particles of the present invention have adequate strength and hardness and excellent heat 
resistance, and are useful for various different purposes such as electronic materials, magnetic materials, optical mate- 

20 rials, polishing materials and the like. The production process of the present invention can easily produce specific com- 
posite particles according to the present invention. In particular, another of the present inventions allows the same 
specific composite particles to be produced without using a coupling compound. Further, the aqueous dispersion of the 
present invention is useful for various different purposes including electronic materials, magnetic materials, optical 
materials and the like. The aqueous dispersion is particularly useful as a polishing material for magnetic disks and 

25 wafers. 

[0020] The CMP slurry of the present invention has adequate strength and hardness, excellent heat resistance, and 
provides a sufficiently high polishing rate, while offering excellent polishing performance that produces no scratches on 
polishing surfaces. The CMP slurry of the present invention is also useful for chemical mechanical polishing in the man- 
ufacture of semiconductor devicees, and particularly for polishing of wafer surfaces. 
30 [0021 ] The process for manufacture of semiconductor devicees according to the present invention also allows easy 
and convenient manufacture of high-quality semiconductor devicees. 

[Detailed Description of the Invention] 

35 [0022] The present invention will now be explained in further detail. 

[0023] The "polymer particles" are particles composed of a polymer obtained by polymerization of various different 
monomers. The monomers used may be unsaturated aromatic compounds such as styrene, a-methylstyrene, halogen- 
ated styrene and divinylbenzene; unsaturated esters such as vinyl acetate and vinyl propionate; or unsaturated nitriles 
such as acrylonitrile. There may also be used acrylic acid esters or methacrylic acid esters, such as methyl acrylate, 

40 methyl methacrylate, ethyl acrylate, ethyl methacrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, lauryl acrylate, 
lauryl methacrylate, ethyleneglycol diacrylate, ethyleneglycol dimethacrylate, glycidyl acrylate, glycidyl methacrylate, 2- 
hydroxyethyl acrylate, acryl acrylate and allyl methacrylate. 

[0024] There may also be used butadiene, isoprene, acrylic acid, methacrylic acid, acrylamide, methacrylamide, N- 
methylolacrylamide, N-methylolmethacrylamide, and the like. These monomers may be used alone or in combinations 

45 of two or more. The monomers may also have functional groups introduced therein, such as hydroxyl groups, epoxy 
groups, carboxyl groups and the like. When such functional groups are introduced into the polymer particles, it is pos- 
sible to form a metal compound section or silica particle section directly on the polymer particles without requiring a 
coupling compound such as a silane coupling agent. However, if the silane coupling agent used has functional groups 
that can react with the introduced functional groups, bonding between the metal compound section or silica particle 

so section and the polymer particles can be further accelerated, thus yielding composite particles with even better per- 
formance. 

[0025] The polymer particles can be obtained by polymerization of the monomers by any of various processes such 
as emulsion polymerization, suspension polymerization and dispersion polymerization. These polymerization proc- 
esses allow appropriate adjustment of the particle size of the polymer particles based on the polymerization conditions. 
55 Bulk polymers and the like can be pulverized to obtain polymer particles of a prescribed particle size. When polymer 
particles with particularly high strength and excellent heat resistance are required, polyfunction^ monomers may be 
used together during production of the polymer particles to introduce a crosslinked structure into the molecule. The 
crosslinked structure can be introduced by a method such as chemical crosslinking or electron beam crosslinWng either 
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during production of the polymer particles, or after production of the polymer particles. 

[0026] The polymer particles used may be particles composed of various different monomers, such as polyamides, 
polyesters, polycarbonates and polyolef ins, in addition to those mentioned above, and these polymer particles may also 
have functional groups introduced therein in the same manner as described above, as well as crosslinked structures 

5 introduced into the molecules. 

[0027] The shape of the polymer particles is not particularly restricted, but they are preferably as spherical as pos- 
sible. The mean particle size as measured with a LASER PARTICLE ANALYZER PAR-MI (product of Otsuka Electron- 
ics, CO. LTD.) is preferably 0.02-50 |im, especially 0.05-20 ym, and more preferably 0.05-1.0 Jim. If the mean particle 
size is smaller than 0.02 urn the particles will tend to aggregate, and if it exceeds 50 ym the dispersion stability will be 

10 undesirably impaired when an aqueous dispersion is prepared. 

[0028] At least part of the "metal compound section" and "silica particle section" of the composite particles of the 
present invention is chemically or non-chemically bonded to the polymer particles either directly or indirectly, but "chem- 
ically bonding" is particularly preferred. This avoids a problem whereby they easily shed from the polymer particles. The 
chemical bonding may be covalent bonding, ionic bonding or coordination bonding, but covalent bonding is preferred 

15 for a stronger bond. As non-chemical bonding there may be mentioned hydrogen bonding, surface charge bonding, 
interlocking bonding and anchor effect bonding. 

[0029] Further, the "metal oxide particle section" may consist of an "alumina particle section", "titania particle sec- 
tion" or "zirconia particle section", or it may be composed of all of these. The alumina particle section, titania particle 
section and zirconia particle section, as well as the silica particle section, may be formed in the interior or on the entire 

20 surface of the polymer particles, or they may be formed on a part thereof. The "metalloxane bond-containing section" 
may consist of a single molecule, but is preferably a coupled structure of two or more molecules. In the case of a cou- 
pled structure, it may be linear but is more preferably a two-dimensional or three-dimensional structure. 
[0030] In the CMP slurry of the present invention, at least part of the "silicon compound section" and the "metal 
compound section" (hereunder referred to collectively as "compound sections") is chemically or non-chemically bonded 

25 to the polymer particles either directly or indirectly, but "chemical bonding" is particularly preferred. This avoids a prob- 
lem whereby they easily shed from the polymer particles during polishing, thus remaining on the polishing surface. The 
chemical bonding may be ionic bonding or coordination bonding, but covalent bonding is preferred for a stronger bond. 
As non-chemical bonding there may be mentioned hydrogen bonding, surface charge bonding, interlocking bonding 
and anchor effect bonding. 

30 [0031 ] Further, the silicon compound section may consist of a "siloxane bond-containing section" or a "silica parti- 
cle section", or it may be composed of both. The metal compound section may be consist of a "metalloxane bond-con- 
taining section", "alumina particle section", "titania particle section" or "zirconia particle section", or it may be composed 
of two or more of these. 

[0032] The siloxane bond-containing section and silica particle section, as well as the metalloxane bond-containing 
35 section, alumina particle section, titania particle section and zirconia particle section, may be formed in the interior or 
on the entire surface of the polymer particles, or they may be formed on a part thereof. The siloxane bond-containing 
section and metalloxane bond-containing section may consist of a single molecule, but is preferably a coupled structure 
of two or more molecules. In the case of a coupled structure, it may be linear but is more preferably a three<limensional 
structure. 

40 [0033] According to the present invention, each of the bond-containing sections and particle sections may be 
formed in the manner described above, or they may have the following structures. 

(1) All of the bond-containing sections and particle sections may be directly or indirectly bonded either chemically 
or non-chemically to the polymer particles, or any one or more thereof may be bonded to the polymer particles. 
45 (2) Another molecule may be bonded at the middle or end portions of the bond-containing sections or particle sec- 
tions bonded to the polymer particles. 

(3) The bond-containing sections or particle sections that are not bonded to the polymer particles and are also not 
bonded to the bond-containing sections or particle sections bonded to the polymer particles may be sequestered 
by the bond -containing sections or particle sections chemically or non-chemically bonded to the polymer particles. 

50 

[0034] The metal compound section or silica particle section may be formed by direct bonding to the polymer par- 
ticles, or they may be formed by bonding through a coupling compound such as a silane coupling agent. In the latter 
case, the above-mentioned "coupling compound" is used which lies between the polymer patticlees and at least one of 
the compound of ® and compound of ©, and couples the polymer particles with at least one of the compound of (D 
55 and compound of @. As coupling compounds there may be used coupling agents such as silane coupling agents, alu- 
minum-based coupling agents, titanium-based coupling agents and zirconium-based coupling agents, but silane cou- 
pling agents are particularly preferred. The following listed as (a), (b) and (c) may be mentioned as silane coupling 
agents. 
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(a) vinyltrichlorsilane, vinyltris(p-methoxyethoxy) silane, vinyltriethoxysilane, vinyltrimethoxysilane, ymethacryloxy- 
propyltrimethoxysilane, rmercaptopropyltrimethoxysilane and ^chloropropyltrimethoxysilane; 

(b) Y-glycidoxypropyltrimethoxysilane and yglycidoxypropylmethyldiethoxysilane; 

(c) N-p(aminoethyl) y-aminopropyltrimethoxysilane. N-p(aminoethyl) y-aminopropylmethyldimethoxysilane and y- 
s aminopropyltriethoxysilane. 

[0035] These silane coupling agents preferably have functional groups in the molecules that can easily react with 
the functional groups such as hydroxy! groups, epoxy groups and carboxyl groups introduced into the polymer particles. 
For example, for polymer particles having carboxyl groups introduced therein, the silane coupling agents of (b) and (c) 
w above with epoxy groups and amino groups are preferred. Among these, rglycidoxypropyltrimethoxysilane and N- 
p(aminoethyl) y-aminopropyltrimethoxysilane are particularly preferred. 

[0036] As aluminum-based coupling agents there may be mentioned acetoalkoxyaluminum diisopropylate and the 
like, and as titanium-based coupling agents there may be mentioned isopropyl triisostearoyltitanate, isopropyltridecyl 
benzenesulfonyltitanate, and the like. These different coupling agents may be used alone or in combinations of two or 

is more. Coupling agents of different types may also be used together. 

[0037] The amount of coupling agent used between the polymer particles and the compound of ® or the colloidal 
substance of @ is preferably 0.1-50 moles with respect to one mole of the functional group belonging to or introduced 
into the polymer particles. The amount is more preferably 0.5-30 moles, and especially 1.0-20 moles. The amount of 
coupling agent used is less than 0.1 mole because the metal compound sections or particle sections will not bond with 

20 sufficient strength to the polymer particles, and will shed more easily from the polymer particles. If the amount used 
exceeds 50 moles, condensation reaction of the coupling agent molecules will be promoted, forming new polymers in 
addition to reaction with the molecules composing the polymer particles, and thus inhibiting bonding of the compound 
sections to the polymer particles. When the coupling agent is chemically bonded to the polymer particles, a catalyst 
such as an acid or base may be used to accelerate the reaction. The reaction system may also be heated to accelerate 

25 the reaction. 

[0038] In the compound represented by "the general formula R n M(ORVn" above, M is Al, V, Cr, Mn, Fe, Co, Ni, Cu, 
Zn, Ge, Zr, Nb, Mo, Sn, Sb, Ta, W, Pb or Ce, and z is the valency of M. As the R portion of the general formula there 
may be mentioned monovalent organic groups including alkyl groups such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, 
sec-butyl, tert-butyl and n-pentyl groups, and phenyl, vinyl and glycidopropyl groups. As the R' portion there may be 
30 mentioned alkyl groups such as methyl, ethyl, n-propyi and iso-propyl groups, acyl groups such as acetyl, propionyl, 
butyryl, valeryl and caproyl groups, and aryl groups such as phenyl and tolyl groups, while n is an integer of 1 to (z-2). 
In the case of two or more R and R' groups, they may be the same or different. 

[0039] Particularly preferred as the M portion are Al and Zr, and these elements will be used for M in the following 
explanation. 

35 [0040] As a compound where M is Al there may be mentioned aluminum ethoxide, and as a compound where M is 
Zr there may be mentioned zirconium tert-butoxide. These compounds induce formation of metalloxane bond-contain- 
ing sections and alumina particle sections or zirconia particle sections. The compounds may be used alone or in com- 
binations of two or more. Compounds where M is Al or Zr may also be used together. The value of (z-n) is 1 or greater, 
preferably 2 or greater and more preferably 3 or greater, in which case a more dense metalloxane bond-containing sec- 

40 tion is formed. 

[0041] These compounds include not only those represented by the above general formula, but also either hydro- 
lysates or partial condensates of the compounds. The compounds of the above general formula undergo hydrolysis or 
partial condensation without any special procedures, but if necessary a prescribed proportion thereof may be hydro- 
lyzed or partially condensed beforehand. 
45 [0042] These compounds are preferably used in a weight ratio of 0.001-100 with respect to the polymer particles, 
in terms of Si0 2 , Al 2 0 3 , Ti0 2 or ZrC 2 . The weight ratio is more preferably 0.005-50, and especially 0.01-10. If the weight 
ratio is under 0.001 the metal compound section will not adequately form in the interior and on the surface of the poly- 
mer particles. On the other hand, the weight ratio is above 100 since this will cause the hardness of the polymer parti- 
cles to be too high. 

so [0043] The "colloidal alumina", "colloidal titania", "colloidal zirconia" and "colloidal silica" consist of fine particles of 
alumina, titania, zirconia or silica with a mean particle size of 5-500 nm dispersed in a medium such as water. The fine 
particles may be prepared by particle growth in an aqueous alkali solution, by polycondensation of a metal alkoxide or 
by a gas phase method, and in practice they are used as colloids dispersed in a medium such as water. Colloidal titania 
and colloidal silica can be produced from compounds of the general formula R n M(OR*) 2 . n where M is Ti or Si. similar to 

55 colloidal alumina and colloidal zirconia, and a titania particle section and silica particle section can also be formed 
thereby. 

[0044] The fine particles can be constructed with an alumina particle section, titania particle section, zirconia par- 
ticle section or silica particle section without any bonding with the polymer particles. In such cases, however, they must 
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be sequestered with a metalloxane bond-containing section or the like. They may also be bonded with the polymer par- 
ticles or with the metalloxane bond-containing section by the hydroxyl groups formed in the fine particles, to construct 
the particle sections. The amount of colloid used is preferably in a weight ratio of 0.001 -1 00 with respect to the polymer 
particles, in terms of Al 2 0 3 , Ti0 2 , Zr0 2 or Si0 2 . The weight ratio is more preferably 0.01-50, and especially 0.1-10. 
5 When the weight ratio is less than 0.001 , the particle sections will be insufficiently formed. It is also preferably not over 
100 since the hardness of the polymer particles will become too high. 

[0045] The bonding of each coupling agent to the polymer particles and the reaction of the compound of ® and 
the colloidal alumina, and the like, of @ with each coupling agent, or their direct reaction with the polymer particles, can 
be accomplished in dispersion systems where organic solvents such as water or an alcohol are used as the dispersion 

w media. These dispersion media may be of a single type, or they may be a combination of two or more appropriate dis- 
persion media such as water and alcohol. When water is included in the dispersion medium, it is preferred to introduce 
hydrophilic functional groups such as hydroxyl groups, epoxy groups or carboxylic groups into the polymer particles in 
order to stabilize the polymer particles in the dispersion system and achieve uniform dispersion. Introduction of these 
functional groups can also promote easier chemical bonding and/or non-chemical bonding of the coupling agents or the 

is compound of ® and the compound of © with the polymer particles. 

[0046] Preferred alcohols for use include lower saturated aliphatic alcohols such as methanol, ethanol, 1 -propanol, 
2-propanol, 1 -butanol, 2-butanol, tert-butanol and the like. These alcohols can be used alone or in combinations of two 
or more. Other organic solvents besides alcohol, such as methyl ethyl ketone and dimethylformamide may be used, and 
these organic solvents, water and alcohol may also be used in combination in appropriate weight ratios. 

20 [0047] In this reaction, the polymer particle content in the dispersion medium is preferably 0.001-70 wt% (hereun- 
der all "%" values will mean "wt%"), more preferably 0.01-50%, and especially 0.1-25%. If the content is under 0.001% 
the composite particle yield will be low, and if it is over 70% the dispersion stability of the polymer particles will be 
reduced, tending to cause gelling at the compounding stage. 

[0048] Further, the reaction for formation of the metal compound section or silica particle section can be promoted 

25 by heating or using a catalyst. For heating, the reaction system temperature is preferably 40-100°C. As catalysts there 
may be used acids, bases, aluminum compounds, tin compounds and the like. Acid catalysts and aluminum catalysts 
provide a particularly notable effect of promoting the reaction. In this production process, the metal compound section 
is preferably formed first, after which the dispersion is diluted with water or an alkaline aqueous solution, and if neces- 
sary the alcohol or other organic solvent is then removed using an evaporator or the like. 

30 [0049] The dilution may be carried out using water or an alkaline aqueous solution such as an aqueous solution of 
ammonia or an aqueous solution of potassium hydroxide. The concentration of the alkaline aqueous solution is prefer- 
ably 0.001-10%, and especially 0.01-1%. The dilution procedure preferably involves dropwise addition of the dispersion 
containing the composite particles to the diluting agent using a dispenser, pipette or the like, but the water or alkaline 
aqueous solution may also be added while stirring the dispersion containing the composite particles. 

35 [0050] The shape of the "composite particles" is not particularly restricted but is preferably as spherical as possible. 
The mean particle size (sphere-equivalent size) is preferably 0.03-100 y,m, more preferably 0.05-20 |im, and especially 
0.05-1.0 \im. If the mean particle size is less than 0.03 \im the particles will be too small, failing to give the properties 
required for such uses as electronic materials, magnetic materials, optical materials, polishing materials, and the like., 
while if the mean particle size is greater than 100 \im the shelf-life of aqueous or other dispersions containing the com- 

40 posite particles will be notably shortened. The mean particle size of the composite particles may be measured with the 
same type of device as for the polymer particles. 

[0051] The composite particles can be used as a polishing material. The polishing material may contain the com- 
posite particles alone, or the polishing material may have an acid, alkali, oxidizing agent and/or surfactant added 
thereto. 

45 [0052] The aqueous dispersion containing the composite particles and water can be applied for a variety of different 
uses. The aqueous dispersion may also contain other desired components such as acids, oxidizing agents and the like 
if necessary, and can be used as a polishing material for magnetic disks, and the like. The content of the composite par- 
ticles in the aqueous dispersion is preferably 0.001 -70%. The content is more preferably 0.01 -50%, and especially 0. 1 - 
20%. If the content of the composite particles is less than 0.001% the performance required for such uses as electronic 

so materials, magnetic materials, optical materials, polishing materials, and the like, will not be obtained, while if it is 
greater than 70% the shelf-life of the aqueous dispersion containing the composite particles will be notably shortened. 
The medium of the aqueous dispersion may be water alone, or it may be a mixed medium containing an organic solvent 
such as an alcohol in combination therewith, so long as the polymer particles do not dissolve. 
[0053] The composite particles are useful for chemical mechanical polishing, and especially wafer surface polish- 

55 ing, mployed in the manufacture of semiconductor devicees or devices, and the composite particles may be combined 
with water as an aqueous dispersion to be used as a polishing material for manufacture of semiconductor devices 
(wafers, and the like.). In addition to aqueous dispersions, they may also be in the form of a CMP slurry using an appro- 
priate organic solvent medium that does not dissolve the polymer particles, such as an alcohol dispersion. In the case 
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of a CMP slurry, the composite particle content is preferably 0.001 -70%. The composite particle content is more pref- 
erably 0.01-50%, and especially 0.1 -20%. If the content is less than 0.001%, the required polishing performance cannot 
be obtained, and if it exceeds 70%, the shelf-life of the CMP slurry containing the composite particles will be notably 
shortened. 

[0054] According to the pres nt invention, the aqueous dispersion or CMP slurry may also contain, if necessary, 
various other additives in addition to the surf actant (for example, oxidizing agents, chelating agents, organic acids, sur- 
factants, pH regulators, and the like.). Such addition can increase the polishing rate, stabilize the oxidizing agent, allow 
more even dispersion of the polymer particles, and adjust for differences in the polishing rate when polishing films of 
different hardness, as in cases where two or more working films are polished. 

[0055] Inclusion of potassium hydroxide or ammonia allows polishing of insulating films, and inclusion of tungsten, 
aluminum, copper and the like allows polishing of metal films. The composition (particularly a CMP slurry) can also be 
used in combination with another composition (especially a CMP slurry) in an appropriate weight ratio. 
[0056] The "oxidizing agent" used is not particularly restricted so long as it is water-soluble, and it is preferably 
selected as appropriate depending on the electrochemical properties of the metal layer of the working film of the wafer, 
based on a Pourbaix diagram, for example. 

[0057] As specific oxidizing agents there may be mentioned organic peroxides such as hydrogen peroxide, perace- 
tic acid, perbenzoic acid, tert-butylhydroperoxide, and the like; permanganate compounds such as potassium perman- 
ganate, and the like; bichromate compounds such as potassium bichromate, and the like; halogenate compounds such 
as potassium iodate, and the like; perhalogenate compounds such as perchloric acid, and the like; transition metal salts 
such as potassium ferricyanide, and the like; persulfuric compounds such as ammonium persulfate, and the like; poly- 
valent metal salts such as iron nitrate, cerium ammonium nitrate, and the like; and heteropoly acids such as silicotung- 
stic acid, phosphotungstic acid, silicomolybdic acid, phosphomolybdic acid, and the like. Two or more of these may also 
be used in combination. By including such oxidizing agents it is possible to vastly increase the polishing rate for polish- 
ing of metal layers, and particularly of working films of wafers. 

[0058] The oxidizing agent content may be 0. 1 -1 5 parts, and is particularly preferred to be 0.3-1 0 parts and espe- 
cially 0.5-8 parts, with respect to 100 parts of the aqueous dispersion composition. If the content is less than 0.1 part 
the polishing rate of the aqueous dispersion composition will not be sufficiently increased. On the other hand, a suffi- 
cient improvement in the polishing rate can be achieved with a content of 15 parts, so that there is no need to include 
it at greater than 15 parts. 

[0059] Examples of the "chelating agent" may be used with no particular restrictions so long as they can form metal 
chelate compounds, when the wafer working surface film is a metal. When the metal is copper, a compound containing 
nitrogen is particularly preferred. 

[0060] As examples there may be mentioned triazole, indole, benzimidazole, benzotriazole, benzoxazole-benzotri- 
azole, quinoline, quinolinic acid, quinoxaline, benzoquinoline, benzoxidine, ammonia, ethylenediamine, trieth- 
anolamine, glycine, alanine, leucine, glutamine, glutamic acid, tryptophan, 5-amino-1H-tetrazole, 7-hydroxy-5-methyl- 
1,3,4-triazaindolazine, benzoguanamine, salicylaldoxime, adenine, guanine, phthalazine, 5-methyl-1 H-benzotriazole, 
4-amino-1 ,2,4-triazole, and the like. 

[0061 ] By adding appropriate amounts of these chelating agents it is possible to increase the polishing rate for pol- 
ishing of the metal layers of wafers in particular, and thus improve the planarizing characteristics thereof. These chelat- 
ing agents can also be used in combinations of two or more. The amount of the chelating agent added may be 0.01-5 
parts, preferably 0.02-2 parts and especially 0.04-1 part, with respect to 100 parts of the aqueous dispersion composi- 
tion. 

[0062] The "organic acid" can further improve the polishing rate. As organic acids there may be mentioned para- 
toluenesulfonic acid, dodecylbenzenesurfonic acid, isoprenesulfonic acid, gluconic acid, lactic acid, citric acid, tartaric 
acid, malic acid, glycolic acid, malonic acid, formic acid, oxalic acid, succinic acid, fumaric acid, maleic acid and phthalic 
acid. Among these, gluconic acid, lactic acid, citric acid, tartaric acid, malic acid, glycolic acid, malonic acid, formic acid, 
oxalic acid, succinic acid, fumaric acid, maleic acid and phthalic acid are preferred. Among these, tartaric acid, malic 
acid, succinic acid and phthalic acid are particularly preferred. These organic acids may be used alone or in combina- 
tions of two or more. As inorganic acids there may be mentioned nitric acid, hydrochloric acid and sulfuric acid, and 
these inorganic acids may also be used alone or in combinations of two or more. Combinations of organic acids and 
inorganic acids may also be used. These acids can be used at 0. 1 -1 0 parts by weight and especially 1 -8 parts by weight 
to 1 00 parts by weight of the aqueous dispersion composition. An acid content in the range of 0. 1 - 1 0 parts by weight is 
preferred to give an aqueous dispersion composition with excellent dispersability and sufficient stability, as well as min- 
imal etching and an increased polishing rate. 

[0063] According to the present invention, a composition containing no surfactant is preferred from the standpoint 
of polishing performance, but a surfactant may be added for more even dispersion of the particles, particularly the pol- 
ymer particles, in the aqueous dispersion composition. The surfactant is preferably only present in a small amount from 
the standpoint of polishing performance. The surfactant content is preferably not greater than 0.1 5 wt%, more preferably 
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not greater than 0.1 wt%, even more preferably not greater than 0.05 wt%, and especially not greater than 0.01 wt%. 
The surfactant is used in the procedure for production of the aqueous dispersion containing the polymer particles, and 
it remains as an impurity in the polymer particles or the water or aqueous medium; however, a lower content thereof will 
give a polymer particle-containing aqueous dispersion with superior heat resistance, antistatic properties, color fast- 
5 ness, and the like. 

[0064] The surfactant is preferably contained in the aqueous dispersion or CMP slurry at not greater than 0.05 part 
by weight and preferably not greater than 0.03 part by weight, with respect to 100 parts by weight of the polymer parti- 
cles. It is more preferably not greater than 0.01 part by weight, and especially not greater than 0.025 part by weight. 
Such a composition will exhibit even better heat resistance, antistatic properties, color fastness, and the like. 
10 [0065] By thus limiting the surfactant content to a small amount, it is possible to maintain the polishing performance 
while obtaining particles with excellent dispersability, so that faster polishing can be achieved without creating scratches 
in the polishing surfaces. 

[0066] The surfactant used may be a cationic surfactant, anionic surfactant or nonionic surfactant. As cationic sur- 
factants there may be mentioned aliphatic amines, aliphatic ammonium salts and the like. As anionic surfactants there 

is may be mentioned carboxylic acid salts such as fatty acid soaps, alkylether carboxylic acid salts and the like; sulfonic 
acid salts such as alkylbenzenesulfbnic acid salts, alkylnaphthalenesurfbnic acid salts, a-olefinsulfonic acid salts and 
the like; sulfuric acid ester salts such as higher alcohol sulfuric acid ester salts, alkylether sulfuric acid salts, polyoxyeth- 
ylene alkylphenylethers and the like; phosphoric acid ester salts such as alkylphosphoric acid esters, and the like. As 
nonionic surfactants there may be mentioned ethers such as polyoxyethylene alkyl ethers; ether esters such as polyox- 

20 yethylene ethers of glycerin esters; and esters such as polyethyleneglycol fatty acid esters, glycerin esters, sorbitan 
esters, and the like. 

[0067] According to the present invention, addition of an alkali metal hydroxide, ammonia, an inorganic alkali salt, 
an inorganic acid or an organic acid for adjustment of the pH can improve the dispersability and stability of the aqueous 
dispersion composition. Ammonia, inorganic alkali salts and inorganic acids are particularly preferred. 

25 [0068] As alkali metal hydroxides there may be used sodium hydroxide, potassium hydroxide, rubidium hydroxide, 
cesium hydroxide and the like. Sodium hydroxide and potassium hydroxide are particularly preferred among these. As 
inorganic acids there may be used nitric acid, sulfuric acid phosphoric acid or the like, and as organic acids there may 
be used formic acid, acetic acid, oxalic acid, malonic acid, succinic acid, benzoic acid or the like. Nitric acid and sulfuric 
acid are commonly used. Adjustment of the pH of the aqueous dispersion composition can improve the dispersability 

30 while also increasing the polishing rate, and the pH is preferably determined as appropriate in consideration of the elec- 
trochemical properties of the working surface, the dispersability and stability of the polymer particles and the polishing 
rate. 

[0069] The working film subjected to chemical mechanical polishing according to the present invention may be a 
silicon oxide film, amorphous silicon film, polycrystalline silicon film, single-crystal silicon film, silicon nitride film, pure 
35 tungsten film, pure aluminum film or pure copper film, or an alloy film of tungsten, aluminum or copper with another 
metal, formed on a wafer during manufacture of a semiconductor device such as a VLSI or the like. The working film 
may also be an oxide or nitride film of a metal such as tantalum or titanium. 

[0070] When the polishing surface of the working film on the wafer is a metal, the polishing rate can be vastly 
improved by adding an oxidizing agent to the aqueous dispersion composition. The oxidizing agent used may be appro- 

40 priately selected by a Pourbaix diagram, for example, based on the electrochemical properties of the working surface. 
[0071 ] The polymer particles contained in the aqueous dispersion used for chemical mechanical polishing of work- 
ing films on wafers are preferably selected as appropriate depending on the hardness of the working film. For example, 
in the case of working films made of aluminum or the like having low hardness, it is preferred to use an aqueous disper- 
sion containing polymer particles with a relatively low hardness. On the other hand, in the case of working films of high 

45 hardness such as tungsten, it is necessary to use an aqueous dispersion containing polymer particles of relatively high 
hardness provided by a high degree of crosslinking. 

[0072] The chemical mechanical polishing of the working film on the wafer using the aqueous dispersion composi- 
tion of the present invention can be accomplished with a commercially available chemical mechanical polishing device 
(such as Model "LGP510" or "LGP552" by Lapmaster SFT Corp.), which has been used in conventional methods 

so employing metal oxide particles as abrasive particles. 

[0073] After the polishing, it is preferred to remove the residual polymer particles remaining on the polishing sur- 
face. The particle removal can be accomplished by a common washing method, and the polishing surface can be 
heated at high temperature in the presence of oxygen to burn the polymer particles for their removal. As specific meth- 
ods for burning there may be mentioned exposure to oxygen plasma, or ashing treatment with plasma whereby oxygen 

55 radicals are supplied in a downflow; these allow the residual polymer particles to be easily removed from the polishing 
surface. 

[0074] For polishing of a wafer working film that is a metal film in combination with a low-permittivity insulating film, 
the use of common inorganic particles such as silica or alumina can result in a faster polishing rate on the low-strength, 
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low-permittivity insulating film which is not supposed to be polished, thus creating numerous scratches. In such cases, 
a process employing an aqueous dispersion composition according to the present invention can, as one of its features, 
lower the polishing rate and thus prevent scratches. 

[0075] The manufacturing process of the present invention is a process for manufacture of semiconductor device 
using the CMP slurry specified above. Here, "semiconductor device" is used in a wide sense to include polished wafers, 
various devices (including apparatus) provided with or bearing such wafers, plates manufactured from such wafers, and 
various devices (including apparatus) provided with such plates (i.e., devices on which such plates are mounted). 

[Embodiments of the Invention] 

[0076] The present invention will now be explained in further detail by way of examples. 
(1) Preparation of aqueous dispersions of polymer particles 

Synthesis Example 1 (Preparation of an aqueous dispersion of divinylbenzene polymer particles) 

[0077] After loading 3353 g of ion-exchange water and 7.4 g of a 15% aqueous solution of an anionic surfactant 
(trade name "MON-7", product of Sanyo Chemical Industries Co., Ltd.) in a 7-liter volume 4-necked flask, the mixture 
was stirred for 1 0 minutes. Addition of 343 g of a 32% aqueous dispersion of a spherical styrene polymer (mean particle 
size: 0.15 |xm) was followed by 5 minutes of stirring while blowing in nitrogen gas. The flask was then immersed in a 
water bath, and 1 1 0 g of a 2% aqueous solution of sodium persulfate was added at the point the temperature reached 
80°C. 

[0078] Next, a pre-mixture of 344 g of ion-exchange water, 1 47 g of a 1 5% aqueous solution of MON-7, 35 g of a 
25% aqueous solution of a nonionic surf actant (trade name "E920", product of Kao Co., Ltd.) and 1 100 g of divinylben- 
zene in a flask was continuously charged therein over a period of 3 hours. After then reacting the contents of the flask 
at 80°C for 2 hours, 55 g of methacrylic acid, 550 g of ion-exchange water and 55 g of a 1% aqueous solution of sodium 
persulfate were further added, and reaction was conducted for 2 hours while maintaining a temperature of 80°C. After 
cooling to room temperature, the aggregates were removed with a filter to obtain an aqueous dispersion of divinylben- 
zene polymer particles. The solid concentration of the aqueous dispersion was 19.8%. The mean particle size of the 
polymer particles was 0.33 

Synthesis Example 2 (Preparation of another aqueous dispersion of divinylbenzene polymer particles) 

[0079] An aqueous dispersion of divinylbenzene polymer particles was obtained in the same manner as Synthesis 
Example 1 , except that 55 g of acrylic acid was used instead of the methacrylic acid in Synthesis Example 1 . The solid 
concentration of the dispersion was 19.7%. The mean particle size of the polymer particles was 0.31 \xxr\- 

S ynthesis Example 3 (Preparation of an aqueous dispersion of styrene-methacrylic acid copolymer particles) 

[0080] After loading 5078 g of ion-exchange water, 112 g of a 1% aqueous solution of an anionic surfactant (trade 
name "Emaru AD-25R", product of Kao Co., Ltd.), 1 19 g of styrene and 21 g of methacrylic acid in a 7-liter volume 4- 
necked flask, the mixture was stirred for 5 minutes while purging with nitrogen gas. The flask was then immersed in a 
water bath, and 140 g of a 5% aqueous solution of ammonium persulfate was added at the point the temperature 
reached 75°C. 

[0081 ] After reaction at a temperature of 75°C for one hour, a mixture of 1232 g of styrene and 28 g of methacrylic 
acid was continuously charged thereinto over a period of 4 hours and the reaction was continued at 75°C for 3 hours, 
after which the reaction mixture was cooled to room temperature to obtain an aqueous dispersion of styrene-meth- 
acrylic acid copolymer particles. The solid concentration of the aqueous dispersion was 20%. The mean particle size 
of the polymer particles was 0.19 Jim. 

Synthesis Example 4 (Preparation of an aqueous dispersion of polymer particles with amino groups on the particle sur- 
faces) 

[0082] After loading 1800 g of distilled water, 0.04 g of a cationic emulsifier ("Coatamine 24P", trade name of Kao 
Co., Ltd.), 40 g of methyl methacrylat and 8 g of an azo-based polymerization initiator ("V50", trade name of Wako Jun- 
yaku Co., Ltd.) in a 2 L 4-necked polymerization flask, the mixture was heated to 70°C while stirring under a nitrogen 
gas atmosphere, for 2 hours of polymerization. This was followed by continuous addition of 160 g of methyl methacr- 
ylate over a period of 3 hours, and continued polymerization at 80°C for 3 hours. After then cooling to room temperature, 
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the solution was filtered and th aggregates were removed to obtain an aqueous dispersion containing methyl methacr- 
ylate polymer particles with amino groups on the particle surfaces. The total solid portion of the aqueous dispersion was 
10.2%. The mean particle size of the spherical polymer particles was 0.20 jmi. 

5 (2) Production of aqueous dispersions containing composite particles 

Example 1A 

[0083] The aqueous dispersion of divinylbenzene polymer particles obtained in Synthesis Example 1 was heated, 
10 condensed and cooled until the solid portion reached 40%, after which 2-propanol was added for dilution to a solid por- 
tion of 15%, and the mixture was stirred for 10 minutes to prepare an water/2-propanol mixed dispersion of divinylben- 
zene polymer particles. After then loading 533 g of this water/2-propanol mixed dispersion into a 2-liter volume 3- 
necked flask, it was immersed and stirred in a water bath that had been heated to 60°C. The silane coupling agent y 
glycidoxypropyl trimethoxysilane (hereunder abbreviated to "GPTS") was then added at 1 1 g continuously over a period 
15 of 2 hours, and after reaction at 60°C for 3 hours, the mixture was cooled to room temperature. 

[0084] A 200 g portion of aluminum ethoxide was then added continuously over a period of 2 hours, and reaction 
was conducted for 2 hours. Next, ion-exchange water was loaded at 1000 g and stirred for one hour, and then 50 g of 
a 1% aqueous solution of potassium hydroxide was further added, after which stirring was continued for one hour and 
the mixture was cooled to room temperature. The 2-propanol was removed to obtain an aqueous dispersion of compos- 
20 ite particles with a solid concentration of 12%. The mean particle size of the composite particles was 0.42 [im. 

Example 2A 

[0085] An aqueous dispersion of composite particles with a solid concentration of 1 1% was obtained in the same 
25 manner as Example 1 A, except that the aqueous potassium hydroxide solution of Example 1 A was replaced with 1 0% 
ammonia water. The mean particle size of the composite particles was 0.42 |im. 

Example 3A 

30 [0086] The aqueous dispersion of divinylbenzene polymer particles obtained in Synthesis Example 1 was heated, 
condensed and cooled until the solid portion reached 40%, after which 2-propanol was added for dilution to a solid por- 
tion of 24%, and the mixture was stirred for 10 minutes to prepare an water/2-propanol mixed dispersion of divinylben- 
zene polymer particles. After then loading 170 g of this water/2-propanol mixed dispersion into a 300-milliliter volume 
3-necked flask, it was immersed and stirred in a water bath that had been heated to 60°C. GPTS was then added at 1 0 

35 g continuously over a period of 2 hours, and after reaction at 60°C for 3 hours, the mixture was cooled to room temper- 
ature. 

[0087] Next, 36 g of the water/2-propanol mixed dispersion of GPTS-bonded polymer particles (solid portion: 22%) 
was loaded into a separate 300-milliliter volume flask, 39 g of 2-propanol was added, and the mixture was immersed 
and stirred in a water bath that had been heated to 45°C. After then adding 79 g of aluminum ethoxide continuously over 
40 a period of 2 hours, reaction was carried out for 2 hours. After completion of the reaction and cooling, 1 50 g of the reac- 
tion solution was added continuously dropwise into 3 liters of a 0.01% aqueous solution of potassium hydroxide, and 
then the 2-propanol was removed to obtain an aqueous dispersion of composite particles with a solid concentration of 
8%. The mean particle size of the composite particles was 0.42 jim. 

45 Example 4A 

[0088] The aqueous dispersion of divinylbenzene polymer particles obtained in Synthesis Example 2 was heated, 
condensed and cooled until the solid portion reached 37%, after which 2-propanol was added for dilution to a solid por- 
tion of 15%, and the mixture was stirred for 1 0 minutes to prepare an water/2 -propanol mixed dispersion of divinylben- 
so zene polymer particles. 

[0089] Next, an aqueous dispersion of composite particles with a solid concentration of 12% was then obtained in 
the same manner as Example 1 A, except that the water/2-propanol mixed dispersion of divinylbenzene polymer parti- 
cles obtained in Synthesis Example 1 used in Example 1 A was replaced with the above water/2-propanol mixed disper- 
sion, and the silane coupling agent was changed from GPTS to 9 g of N-p(aminoethyl) y-aminopropyltrimethoxysilane. 
55 The mean particle size of the composite particles was 0.48 jim. 
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Example 5A 

[0090] The aqueous dispersion of styrene-methacrylic acid copolymer particles obtained in Synthesis Example 3 
was heated, condensed and cooled until the solid portion reached 36%, after which 2-propanol was added for dilution 
to a solid portion of 15%, and the mixture was stirred for 10 minutes to prepare an water/2-propanol mixed dispersion 
of styrene-methacrylic acid copolymer particles. 

[0091] Next, an aqueous dispersion of composite particles with a solid concentration of 10% was then obtained in 
the same manner as Example 1 A, except that the water/2-propanol mixed dispersion of divinylbenzene polymer parti- 
cles obtained in Synthesis Example 1 used in Example 1 A was replaced with the above water/2-propanol mixed disper- 
sion, the GPTS was used at 1 0 g, the aluminum ethoxide was used at 1 00 g and 5 g of 1 0% ammonia water was used 
instead of the potassium hydroxide aqueous solution. The mean particle size of the composite particles was 0.25 jim. 

Example 6A 

[0092] The aqueous dispersion of styrene-methacrylic acid copolymer particles obtained in Synthesis Example 3 
was heated, condensed and cooled until the solid portion reached 40%, after which 2-propanol was added for dilution 
to a solid portion of 15%, and the mixture was stirred for 10 minutes to prepare an water/2-propanol mixed dispersion 
of styrene-methacrylic acid copolymer particles. 

[0093] Next, 533 g of the water/2-propanol mixed dispersion was loaded into a 2-liter volume 3-necked flask, and 
the mixture was immersed and stirred in a water bath that had been heated to 60°C. After then adding 1 1 g of GPTS 
continuously over a period of 2 hours, reaction was carried out at 60°C for 3 hours. Next, 100 g of aluminum ethoxide 
and 120 g of a 30% 2-propanol dispersion containing vapor-phase silica were continuously added to the flask over a 
period of 2 hours, and reaction was conducted for 2 hours. A 1% aqueous solution of potassium hydroxide was then 
added at 50 g and stirring was continued for one hour, after which 1000 g of ion-exchange water was loaded in and the 
mixture was cooled to room temperature. The 2-propanol was then removed to obtain an aqueous dispersion of com- 
posite particles with a solid concentration of 9%. The mean particle size of the composite particles was 0.24 \im. 

Example 7A 

[0094] An aqueous dispersion of composite particles with a solid concentration of 10% was then obtained in the 
same manner as Example 1 A, except that the aqueous dispersion of divinylbenzene polymer particles obtained in Syn- 
thesis Example 1 used in Example 1 A was replaced with the aqueous dispersion of styrene-methacrylic acid copolymer 
particles of Synthesis Example 3, and the aluminum ethoxide was replaced with aluminum propoxide. The mean parti- 
cle size of the composite particles was 0.21 \im. 

Example 8A 

[0095] After loading 421 g of the aqueous dispersion of styrene-methacrylic acid copolymer particles obtained in 
Synthesis Example 3 (solid portion: 20%) into a 2-liter volume 3-necked flask, the mixture was immersed and stirred in 
a water bath that had been heated to 60°C. After then adding 10 g of GPTS continuously over a period of 2 hours, reac- 
tion was carried out at 60°C for 3 hours. Next, 1 5 g of zirconium tert-butoxide was continuously added to the flask over 
a period of 2 hours and stirring was continued for one hour, after which 1000 g of ion-exchange water was loaded in 
and the mixture was cooled to room temperature. The 2-propanol was then removed to obtain an aqueous dispersion 
of composite particles with a solid concentration of 10%. The mean particle size of the composite particles was 0.22 
jim. 

Example 9A 

[0096] The aqueous dispersion of styrene-methacrylic acid copolymer particles obtained in Synthesis Example 3 
was heated, condensed and cooled until the solid portion reached 39%, after which 2-propanol was added for dilution 
to a solid portion of 15%, and the mixture was stirred for 10 minutes to prepare an water/2-propanol mixed dispersion 
of styrene-methacrylic acid copolymer particles. 

[0097] Next, an aqueous dispersion of composite particles with a solid concentration of 9% was then obtained in 
the same manner as Example 1 A, except that the water/2-propanol mixed dispersion of divinylbenzene polymer parti- 
cles obtained in Synthesis Example 1 used in Example 1 A was replaced with the above water/2-propanol mixed disper- 
sion, and no GPTS was added. The mean particle size of the composite particles was 0.23 jim. 
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Example 1QA 

[0098] An aqueous dispersion of composite particles with a solid concentration of 10% was obtained in the same 
manner as Example 8A except that no GPTS was added. The mean particle size of the composite particles was 0.21 

(3) Preparation of CMP slurries and polishing of magnetic disk plates 
Test Examples 1 A-10A. Comparative Test Examples 1 A. 2A 

10 

[0099] Water was used for dilution of the composite particles in the aqueous dispersions obtained in Examples 1 A 
to 10A to 5 wt% concentration, and then aluminum nitrate was added to each dilution as a polishing accelerator to a 5% 
concentration to obtain CMP slurries (polishing materials). 

[0100] For comparison, CMP slurries were also prepared with the same composition but containing 5% of colloidal 
is silica (trade name: "Snowtex 20", product of Nissan Chemical Industries Co., Ltd.) or fumed silica (trade name: "Aerosii 
#90", product of Nihon Aerosii Co., Ltd.). 

[0101] These CMP slurries were used for polishing of a magnetic disk plate under the following conditions, and the 
polishing rates and condition of polishing scratches were evaluated. 

20 ( Polishing conditions > 

[0102] 

Plate: Ni-P electroless plated 3.5-inch aluminum disk (already subjected to one step of polishing) 
25 Polishing device: Model "LM-1 5C" by Lapmaster SFT Co., Ltd. 

Polishing pad: Trade name: "Polytex DG", by Rodel Corp. (U.S.) 

Working load: 70 g/cm 2 

Plate rotation speed: 50 rpm 

Polishing material supply rate: 15 ml/min. 
30 Polishing time: 10 minutes 

(Evaluation method) 

[0103] 

35 

Polishing rate: The polishing rate was determined by the following equation, based on the weight reduction of the 
disk by polishing. 

Polishing rate (nm/min) = [(W/d)/S] x 10 7 

40 

W = disk weight reduction per minute due to polishing 
d = Ni-P electroless plating density 
S = polishing surface area 

Polishing scratches: After washing and drying the polished disk, it was placed under a spotlight in a dark room and 
45 the presence of scratches was visually observed. 

[0104] The results of the evaluation are shown in Table 1 . 

[01 05] As seen by the results shown in Table 1 , when the CMP slurries of Test Examples 1 A to 1 0A were used for 
polishing of magnetic disks, the polishing rate was high and no polishing scratches were produced. However, when col- 
50 loidal silica (Comparative Test Example 1 A) or fumed silica (Comparative Test Example 2B) was used, the polishing rate 
was somewhat lower and numerous polishing scratches were observed. 

(4) Production of aqueous dispersions containing composite particles 
55 Example 1B 

[0106] An aqueous dispersion of composite particles (solid concentration: 12%) was obtained in the same manner 
as Example 1 A, except that tetraethyl orthosilicate (hereunder abbreviated to "TEOS") was used instead of the alumi- 
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num ethoxide in Example 1 A (using the polymer particles obtained in Synthesis Example 1). The mean particle size of 
the composite particles was 0.43 fun. 



Table 1 



Test Examples Comp. 
Test Examples 


Polymer Particles 


Particle size (^im) 


Polishing rate (A/min) 


Condition of polishing 
scratches 


Test Ex.1 A 


Example 1A 


0.42 


1850 


no polishing scratches 


Test Ex.2A 


Example 2A 


0.42 


1970 


no polishing scratches 


Test Ex.3A 


Example 3A 


0.42 


2530 


no polishing scratches 


Test Ex.4A 


Example 4A 


0.48 


4100 


no polishing scratches 


Test Ex.5A 


Example 5A 


0.25 


1920 


no polishing scratches 


Test Ex.6A 


Example 6A 


0.24 


2700 


no polishing scratches 


Test Ex.7A 


Example 7A 


0.21 


2200 


no polishing scratches 


Test Ex.8A 


Example 8A 


0.22 


2400 


slight polishing 
scratches 


Test Ex.9A 


Example 9A 


0.23 


2150 


no polishing scratches 


Test Ex.1 OA 


Example 10A 


! 0.21 


2510 


no polishing scratches 


Comparative Test Examples 


1A 


colloidal silica 


1280 


numerous polish, 
scratch. 


2A 


fumed sillica 


1450 


numerous polish, 
scratch. 



Example 2B 

[0107] An aqueous dispersion of composite particles with a solid concentration of 1 1% was obtained in the same 
manner as Example 1 B, except that no aqueous solution of potassium hydroxide was added in Example 1 B. The mean 
particle size of the composite particles was 0.45 jim. 

Example 3B 

[0108] An aqueous dispersion of composite particles (solid concentration: 8%) was obtained in the same manner 
as Example 3 A, except that TEOS was used instead of the aluminum ethoxide in Example 3 A (using the polymer par- 
ticles obtained in Synthesis Example 1). The mean particle size of the composite particles was 0.43 \im. 

Example 4B 

[0109] An aqueous dispersion of composite particles (solid concentration: 12%) was obtained in the same manner 
as Example 4A. The mean particle size of the composite particles was 0.48 jim. 

Example 5B 

[01 1 0] An aqueous dispersion of composite particles (solid concentration: 1 0%) was obtained in the same manner 
as Example 5A, except that TEOS was used instead of the aluminum ethoxide in Example 5A (using the polymer par- 
ticles obtained in Synthesis Example 3). The mean particle size of the composite particles was 0.26 jim. 

Example 6B 

[0111] An aqueous dispersion of composite particles (solid concentration: 9%) was obtained in the same manner 
as Example 6A, except that TEOS was used instead of the aluminum ethoxide in Example 6A (using the polymer par- 
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ticl s obtained in Synthesis Example 3). Th mean particle size of the composite particles was 0.24 fim. 
Example 7B 

[01 1 2] An aqueous dispersion of composite particles with a solid concentration of 1 0% was obtained in the same 
manner as Example 1 B, except that the aqueous dispersion of divinylbenzene polymer particles of Synthesis Example 
1 used in Example 1 B was replaced with the styrene-methacrylic acid copolymer particles of Synthesis Example 3, and 
the 200 g of TEOS was replaced with 160 g of methyltrimethoxysilane (hereunder abbreviated to "MTMS"). The mean 
particle size of the composite particles was 0.22 |im. 

Example 8B 

[01 1 3] An aqueous dispersion of composite particles (solid concentration: 1 1 %) was obtained in the same manner 
as Example 8A, except that TEOS was used instead of zirconium tert-butoxide in Example 8A (using the polymer par- 
ticles obtained in Synthesis Example 3). The mean particle size of the composite particles was 0.19 Jim. 

Example 9B 

[0114] An aqueous dispersion of composite particles (solid concentration: 9%) was obtained in the same manner 
as Example 9A (using the polymer particles obtained in Synthesis Example 3). The mean particle size of the composite 
particles was 0.25 jim. 

Example 1QB 

[01 1 5] An aqueous dispersion of composite particles with a solid concentration of 1 0% was obtained in the same 
manner as Example 8B except that no GPTS was added. The mean particle size of the composite particles was 0.20 

Example 1 1 B 

[01 16] To a 2 L 4-necked polymerization flask there were added 1 000 g of the aqueous dispersion obtained in Syn- 
thesis Example 4, 10 g of MTMS, 20 g of TEOS and 500 g of 0.014 jim colloidal silica (Snowtex O, product of Nissan 
Chemicals Co., Ltd.) diluted to a solid concentration of 10%. After stirring at 40°C for 2 hours at pH 3 for hydrolysis of 
the MTMS and TEOS, the pH was increased to 8 and the mixture was stirred at 40°C for 2 hours for condensation. This 
produced an aqueous dispersion of composite particles with a solid concentration of 10.1%. The particle size of the 
composite particles was 0.23 jim. 

(5) Preparation of CMP slurries and evaluation of their chemical mechanical polishing performance 
Tftst Examples 1B-5B 

[0117] A filter with a pore size of 5 \un was used to remove the aggregates, and the like, from the aqueous disper- 
sions obtained in Examples 1 B, 3B, 5B, 6B and 9B, and then ion-exchange water and a 1% aqueous solution of potas- 
sium hydroxide were slowly added for adjustment to a solid concentration of 5% and a pH of 10.5, to obtain CMP 
slurries. These CMP slurries were used for polishing of 8-inch silicon oxide film-coated wafers. 
[01 1 8] An device with a plate diameter of 500 mm (Model "LM-51 0") by Lapmaster SFT Corp. was used as the pol- 
ishing machine, and a pad by Rodel Nrtta Corp. (Product No. "IC1000") was mounted on the plate for 3 minutes of pol- 
ishing. The polishing conditions were a working load of 350 g/cm 2 , a head rotation rate of 50 rpm, a plate rotation rate 
of 50 rpm and polishing material supply rate of 200 cc/sec. After polishing, the wafer was washed and dried, and the 
polishing rate and condition of scratches were evaluated. 
[01 1 9] The polishing rate was determined by the following equation. 

Polishing rate ( A/min) = (thickness of silicon oxide film before polishing 
- thickness of silicon oxide film after polishing)/polishing time 
[0120] The film thicknesses of the silicon oxide films were measured using an interference film thickness probe, 
model "FTP500-5" by SENTECH Corp.. 

[0121] The condition of scratches was confirmed by observing the polishing surface with a differential interferom- 
eter microscope. The results are shown in Table 2. 
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Test Examples 6B-1QB 

[01 22] A filter with a pore size of 5 jim was used to remove the aggregates, and the like, from the aqueous disper- 
sions obtained in Examples 2B, 4B, 7B, 8B and 10B, and then ion-exchange water and an aqueous solution of nitric 
acid at a concentration of 0.1 mole/liter were slowly added for adjustment to a solid concentration of 6% and a pH of 
3.5. Hydrogen peroxide and ion-exchange water were added to each prepared solution further adjusted to a solid con- 
centration of 5% and the hydrogen peroxide concentration of 5% to obtain a CMP slurry . 
[0123] The CMP slurries were then used for polishing of tungsten 



Table 2 



Test Examples 
Comp. Test Exam- 
ples 


Polymer Particles 


rarticie size i^mj 


Pnliehinn rota ( alm\n\ 

ronsmny talc ^rviiiiiiy 


fionriition of 
scratches 


Test Ex. 1B 


Example 1 B 


0.43 


1100(SiO2) 


none 


Test Ex.2B 


Example 3B 


0.43 


900(SiO2) 


none 


Test Ex.3B 


Example 5B 


0.26 


1000(SiO2) 


none 


Test Ex.4B 


Example 6B 


0.24 


1200(SiO2) 


none 


Test Ex.5B 


Example 9B 


0.25 


750(SiO2) 


none 


Test Ex.6B 


Example 2B 


0.45 


900(W) 


none 


Test Ex.7B 


Example 4B 


0.48 


900(W) 


none 


Test Ex.8B 


Example 7B 


0.22 


700(W) 


none 


Test Ex.9B 


Example 8B 


0.19 


800(W) 


none 


Test Ex.10B 


Example 10B 


0.20 


600(W) 


none 


| Test Ex.1 1B 


Example 11B 


0.23 


5200(Cu) 


900 A (Dishing) 
820 A (Erosion) 


Test Ex.12B 


Example 11B 


0.23 


800(Ta) 
980(TaN) 


none 
none 


Test Ex.1 3B 


Example 11B 


0.23 


3800(AI) 


none 


Comparative Test Examples 


1B 


Test Ex.1 B (Particles of Synthesis Example 1) 


100(SiO2) 


none 


2B 


Test Ex.2B (Particles of Synthesis Example 3) 


- (Si02) 


none 


3B 


Ex.1 1 B (Particles of Synthesis Example 4) 


900(Cu) 


1600 A (Dishing) 
1400 A (Erosion) 



film-coated wafers. The polishing time was 5 minutes. The thickness of the tungsten film was determined based on the 
resistance measured with a resistivity meter by (Model "£10") by NPS Corp., and the resistivity (published value). The 
polishing rate and condition of scratches were evaluated in the same manner as Test Examples 1 B-5B. The results are 
shown in Table 2. 

Test Example 1 1 B (Chemical mechanical polishing of copper working film) 

[0124] The agueous dispersion obtained in Example 1 1 B was used in a combination for a composite particle con- 
centration of 5%, with hydrogen peroxide added at 0.3%, 7-hydroxy-5-methyl-1 l 3,4-triazaindolazine added at 0.1% as 
a planarizing chelating agent, and malonic acid added at 0.4% as an organic acid, and the mixture was adjusted to pH 
8.5 with KOH, to obtain a CMP slurry. 

[0125] When a patterned copperfilm wafer SKW6-2 (product of SKW Corp.) was polished under conditions with an 
IC1000/SUBA400 (product of Rodel-Nitta Corp.) as the polishing pad and using an EPO-1 13 chemical mechanical pol- 
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ishing device (product of Ebara Corp.) while supplying the aforementioned aqueous dispersion for chemical mechanical 
polishing at 200 ml/min and with a pressure of 300 g/cm 2 , the polishing rate was 5200 angstroms/min. The dishing with 
a 100 micron wiring width at the exact point was 710 angstroms, and the 90% density erosion at a 5 micron pitch was 
also satisfactory at 640 angstroms. 
5 [0126] Upon polishing under conditions of 50% overpolishing, the dishing with a 100 micron wiring width was 900 
angstroms and the 90% density erosion at a 6 micron pitch was 820 angstroms, and therefore the overpolishing margin 
was also satisfactory. The results are shown in Table 2. 

Test Example 12B (Chemical mechanical polishing of Ta and TaN working films) 

10 

[0127] An aqueous dispersion containing the composite particles obtained in Example 1 1 B was used in a combi- 
nation for a composite particle concentration of 3%, with 7-hydroxy-5-methyl-1,3,4-triazaindazoline added at 0.1% as 
an additive, and the mixture was adjusted to pH 3.0 with nitric acid, to obtain a CMP slurry. 

[0128] When this was used for polishing of two different test wafers, with 1000 angstrom films of Ta or TaN, the pol- 
15 ishing rates were 800 and 980 angstrom/mm, respectively. The polishing rates of the Cu and TEOS films were satisfac- 
tory at 400 and 20 angstroms/min, respectively. Because the CMP slurries had excellent selectivity, they were 
demonstrated to be suitable for use in the second stage of a copper damascene process. The results are shown in 
Table 2. 

20 Test Example 13B (Chemical mechanical polishing of aluminum working film) 

[0129] The aqueous dispersion obtained in Example 1 1B was used in a combination for a composite particle con- 
centration of 3%, with potassium persulfate added at 1% as an additive, and the mixture was adjusted to pH 8.0 with 
nitric acid, to obtain a CMP slurry for aluminum film polishing. 
25 [0130] When this slurry was used for polishing of a test wafer with a 5000 A aluminum film, the polishing rate was 
3800 A/min. It was thus demonstrated that the CMP slurry is suitable for aluminum films as well. The results are shown 
in Table 2. 

Comparative Test Example 1 B 

30 

[0131] The dispersion obtained in Synthesis Example 1 was adjusted to a solid concentration of 5% and a pH of 
10.5 with ion-exchange water and a 1% aqueous solution of potassium hydroxide, and this was used for polishing of a 
silicon oxide film-coated wafer in the same manner as Test Example 1 . The polymer particles used in this example were 
not composite particles. The results are shown in Table 2. 

35 

Comparative Test Example 2B 

[0132] The dispersion obtained in Synthesis Example 3 was adjusted to a solid concentration of 6% and a pH of 
3.5 with ion-exchange water and nitric acid with a 0.1 mole/liter concentration. Hydrogen peroxide and ion-exchange 
40 water were added to the adjusted solution, for further adjustment to a solid concentration of 5% and a hydrogen perox- 
ide concentration of 5%. A tungsten film-coated wafer was then polished in the same manner as Test Example 2. The 
polymer particles used in this example were not composite particles. The results are shown in Table 2. 

Comparative Test Example 3B 

45 

[01 33] The CMP slurry used in Test Example 1 1 B was used for polishing in the same manner as Test Example 1 1 B, 
except that the polymer particles prepared in Synthesis Example 4 were added at 5% instead of the composite particles 
synthesized in Example 11 B. 

[0134] As a result, the polishing rate was very low at 900 A/min, the dishing with a 100 micron wiring width at the 
so exact point was 1 600 angstroms, and the 90% density erosion at a 5 micron pitch was also a poor level of 1 400 A. The 
results are shown in Table 2. 

Results of Test Examples 1 B-10B 

55 [0135] The results in Table 2 show that the polishing rate was sufficiently high at 750 A/min in Test Examples 1 B- 
5B where the polished materials were silicon oxide films, and even in Test Example 5B where the aqueous dispersion 
of Example 9B was used which had TEOS directly bonded on the surface of the polymer particles without GPTS. In Test 
Examples 6B-10B where the polished materials were tungsten films, the polishing rate was sufficiently high at 600 
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A/min, even in Test Example 10B where the aqueous dispersion of Example 10B was used which had TEOS directly 
bonded to the surface of the polymer particles, without GPTS. In all of the Test Examples 1 B-10B there were absolutely 
no scratches, indicating that the CMP slurries exhibit excellent polishing performance. 

[0136] On the other hand, while no scratches were found in the Comparative Test Example 1 B, the polishing rate 
was low at 100 A/min, and polishing was completely impossible in Comparative Test Example 2B. In Comparative Test 
Example 3B, the dishing and erosion were unsatisfactory. 

[0137] As shown by Test Examples 1 1 B-13B, excellent polishing rates were achieved in polishing of a W layer, Ta 
layer, TaN layer and Al layer. Test Example 1 1 B exhibited excellent results, including a higher polishing rate than Com- 
parative Test Examples 3B, and also better dishing and erosion. 

(6) CMP tests on low permittivity insulating films Test Example 1C 

(D Synthesis of low permittivity insulating material 

[0138] In a separable flask there were charged 170.7 g of methyltrimethoxysilane, 42.7gof tetramethoxysilane, 1.0 
g of diisopropoxytitanium bisethylacetylacetate and 417 g of propyleneglycol monopropylether, and after stirring the 
mixture it was heated to 60°C. A mixed solution of 1 76 g of ion-exchange water and 206 g of propyleneglycol monopro- 
pylether was then added thereto over a period of 2 hours while maintaining a temperature of 60°C, and reaction was 
conducted for 8 hours at 60°C. Acetylacetone was added at 51 g, and 500 g of the solvent containing methanol was 
removed at 40°C under reduced pressure to obtain an aqueous solution containing a low permittivity insulating material. 

@ Fabrication of coating containing low permittivity insulating material and film comprising low permittivity insulating 
material 

[0139] The aqueous solution obtained in ® above was applied onto an 8-inch silicon wafer surface with a spin 
coater. The coating was carried out for 31 seconds with a rotation rate of 2500 rpm. The aqueous solution-coated wafer 
was then heated for 5 minutes on a hot plate heated to 80°C to remove the organic solvent. The wafer was then further 
heated for 5 minutes on a hot plate heated to 200°C, after which it was further heated for 60 minutes in an oven with a 
nitrogen atmosphere that had been heated to 450°C, to harden the coating on the wafer surface to form a film. 

® Evaluation of film permittivity 

[0140] Aluminum was vapor-deposited onto the film obtained in @ above, and measurement of the permittivity at 
a frequency of 1 MHz gave a low value of 2.65. The permittivity was measured using an HP16451B electrode and 
HP4284A Precision LCR meter by Yokokawa- Hewlett Packard Co. 

® CMP test 

[0141] The CMP slurry obtained in Test Example 1 1 B was used for polishing in the same manner as Test Example 
1B on a low permittivity material film formed in the same manner as @ above. The polishing rate was calculated 
according to Test Example 1 , and the condition of scratches was evaluated. As a result, the polishing rate was low at 
50 A/min, which was sufficient for the requirement, and the number of scratches on the polished surface was a satis- 
factorily low level of no more than 30. 

Test Example 2C 

[0142] A test was carried out in the same manner as Test Example 1 C, except that the product "FLARE" (permittiv- 
ity: approximately 2.7) by Allied Signal Corp. was used instead of the low permittivity insulating material used in Test 
Example 1 C. As a result, the polishing rate was 55 A/min, and the number of scratches on the polished surface was no 
more than 30. 

Test Example 3C 

[0143] A test was carried out in the same manner as Test Example 2C, except that the product "BCB" (permittivity: 
approximately 2.7) by Dow Chemical Corp. was used instead of the product "FLARE" by Allied Signal Corp.. As a result, 
the polishing rate was 65 A/min, and the number of scratches on the polished surface was not more than 30. 
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Comparative Test Example 1C 

[0144] For comparison, an evaluation was carried out in the same manner as Test Example 1C, except that silica 
prepared by the fumed method was used instead of composite particles. As a result, the polishing rate was higher at 
1200 A/min, and over 100 scratches were produced over the entire wafer surface. 

Effect of Test Examples 1 C-3C 

[0145] When metal films combined with low permittivity insulating films were used as the wafer working films for pol- 
ishing with silica (Comparative Test Example 1C), the polishing rate was high on the low strength, low permittivity insu- 
lating film that was not desirable to be polished, and numerous scratches were produced. On the other hand, when the 
CMP slurries of the present invention were used (Test Examples 1C-3C), the polishing rates were sufficiently low as 
required, and the numbers of scratches on the polished surfaces were also at a satisfactory level of not more than 30. 
[0146] The present invention provides composite particles with sufficient strength and hardness and excellent heat 
resistance, a production process thereof, an aqueous dispersion containing the composite particles, a CMP slurry 
which is suitable for manufacture of semiconductor devices, and a process for manufacture of semiconductor devices 
that employs it. The composite particles are prepared by bonding a silane coupling agent and the like, to divinylbenzene 
polymer particles and then reacting a specific metal alkoxide, colloidal metal oxide and colloidal silica therewith to form 
a metal compound section and the like, consisting of a metalloxane bond-containing section or metal oxide particle sec- 
tion on at least one of the interior and surface of the polymer particles. The metal compound section, and the like, can 
also be formed without using a silane coupling agent. The metalloxane bond-containing section, metal oxide particle 
section and the like, are preferably bonded by chemical bonding and/or non-chemical bonding to the polymer particles 
via a silane coupling agent and the like, or directly, but they may also be sequestered without bonding. CMP slurries 
containing these particles can be advantageously utilized for manufacture of various semiconductor devices, and par- 
ticularly for polishing of wafer surfaces. 

Claims 

1 . Composite particles characterized by having polymer particles and at least one of a metal compound section (at 
least one of a metalloxane bond-containing section and a metal oxide particle section, provided that titanium is not 
the metal of said metalloxane bond-containing section) and a silica particle section formed directly or indirectly on 
said polymer particles. 

2. Composite particles according to Claim 1 , wherein at least part of said metal compound section and said silica par- 
ticle section is chemically bonded to another part of a coupling compound of which a part is chemically bonded to 
said polymer particles. 

3. Composite particles according to Claim 1 , wherein at least part of said metal compound section and said silica par- 
ticle section is chemically bonded directly to said polymer particles. 

4. Composite particles according to any one of Claims 1, 2 or 3, wherein said metal oxide particle section is com- 
posed of at least one type from among alumina particle, titania particle, zirconia particle and ceria particle sections. 

5. A production process for composite particles characterized by chemically bonding part of a coupling compound to 
polymer particles and then at least one of (1) chemically bonding or chemically bonding and polycondensing a 
compound of CD below and (2) chemically bonding a compound of @ below to another part of said coupling com- 
pound to form at least one of a metal compound section and a silica particle section indirectly on said polymer par- 
ticles. 

<3) A compound represented by the general formula R n M(OR*) z . n (where R is a monovalent organic group of 
1 -8 carbon atoms, R' is an alkyl group of 1 -5 carbon atoms, an acyl group of 2-6 carbon atoms or an aryl group 
of 6-9 carbon atoms; M is Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge, Zr, Nb, Mo, Sn, Sb, Ta, W, Pb or Ce; and z is 
the valency of M. Also, n is an integer of 0 to (z-1), and when n is 2 or greater each R may be the same or dif- 
ferent. When (z-n) is 2 or greater, each R' may be the same or different.) 

@ At least one from among colloidal alumina, colloidal titania, colloidal zirconia, colloidal ceria and colloidal 
silica. 

6. A production process for composite particles according to Claim 5, wherein said coupling compound is a silane 
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coupling agent. 

7. A production process for composite particles characterized by at least one of (1) chemically bonding or chemically 
bonding and polycondensing a compound of (D below and (2) chemically bonding a compound of © below to pol- 
5 ymer particles in the presence of said polymer particles, to form at least one of a metal compound section and a 
silica particle section directly on said polymer particles. 

® A compound represented by the general formula R n M(OR') z . n (where R is a monovalent organic group of 
1 -8 carbon atoms, R' is an alkyl group of 1 -5 carbon atoms, an acyl group of 2-6 carbon atoms or an aryl group 
of 6-9 carbon atoms; M is Al, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge, Zr, Nb, Mo, Sn, Sb, Ta, W, Pb or Ce; and z is 
the valency of M. Also, n is an integer of 0 to (z-1), and when n is 2 or greater each R may be the sane or dif- 
ferent. When (z-n) is 2 or greater, each R' may be the same or different.) 

@ At least one from among colloidal alumina, colloidal titania, colloidal zirconia, colloidal ceria and colloidal 
silica. 

An aqueous dispersion characterized by containing water and composite particles having polymer particles and at 
least one of a metal compound section (at least one of a metalloxane bond-containing section and a metal oxide 
particle section, provided that titanium is not the metal of said metalloxane bond-containing section) and a silica 
particle section formed directly or indirectly on said polymer particles. 

An aqueous dispersion according to Claim 8, wherein at least part of said metal compound section and said silica 
particle section is chemically bonded to another part of a coupling compound of which a part is chemically bonded 
to said polymer particles of said composite particles. 

25 1 0. An aqueous dispersion according to Claim 8, wherein at least part of said metal compound section and said silica 
particle section is chemically bonded directly to said polymer particles of said composite particles. 

1 1 . An aqueous dispersion according to any one of Claims 8, 9 or 10, wherein said metal oxide particle section of said 
composite particles is composed of at least one type from among alumina particle, titania particle and zirconia par- 

30 tide sections. 

1 2. An aqueous dispersion composition for chemical mechanical polishing characterized by containing water and com- 
posite particles having polymer particles and at least one of a silicon compound section and a metal compound 
section formed directly or indirectly on said polymer particles. 

35 

1 3. An aqueous dispersion composition for chemical mechanical polishing according to Claim 12, wherein at least part 
of said silicon compound section and said metal compound section is chemically bonded to another part of a cou- 
pling compound of which a part is chemically bonded to said polymer particles of said composite particles. 

40 1 4. An aqueous dispersion composition for chemical mechanical polishing according to Claim 1 2, wherein at least part 
of said silicon compound section and said metal compound section is chemically bonded directly to said polymer 
particles of said composite particles. 

1 5. An aqueous dispersion composition for chemical mechanical polishing according to any one of Claims 12, 1 3 or 1 4, 
45 wherein said silicon compound section of said composite particles is composed of at least one of siloxane bond- 
containing section and silica particle section, and said metal compound section is composed of at least one from 
among metalloxane bond-containing section, alumina particle section, titania particle section, zirconia particle sec- 
tion and ceria particle section. 

so 16. An aqueous dispersion composition for chemical mechanical polishing, characterized by containing water and 
composite particles obtained by chemically bonding part of a coupling compound to polymer particles and then at 
least one of (1) chemically bonding or chemically bonding and polycondensing a compound of ® below and (2) 
chemically bonding a compound of @ below to another part of said coupling compound to form at least one of a 
silicon compound section and a metal compound section indirectly on said polymer particles. 

55 

(D A compound represented by the general formula R n M(OR') z . n (where R is a monovalent organic group of 
1 -8 carbon atoms, R' is an alkyl group of 1 -5 carbon atoms, an acyl group of 2-6 carbon atoms or an aryl group 
of 6-9 carbon atoms: M is Al, Si, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge, Zr, Nb, Mo, Sn, Sb, Ta, W, Pb or Ce; and 
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z is the valency of M. Also, n is an integer of 0 to (z-1), and when n is 2 or greater each R may be the same or 
different. When (z-n) is 2 or greater, each R' may be the same or different.) 

@ At least one from among colloidal silica, colloidal alumina, colloidal titania, colloidal zirconia and colloidal 
ceria. 

17. An aqueous dispersion composition for chemical mechanical polishing according to Claim 16, wherein said cou- 
pling agent is a silane coupling agent. 

18. An aqueous dispersion composition for chemical mechanical polishing, characterized by containing water and 
composite particles obtained by at least one of (1) chemically bonding or chemically bonding and polycondensing 
a compound of ® below and (2) chemically bonding a compound of @ below to polymer particles in the presence 
of said polymer particles, to form at least one of a silicon compound section and a metal compound section directly 
on said polymer particles. 

0 A compound represented by the general formula R n M(0R') 2 . n (where R is a monovalent organic group of 

1 -8 carbon atoms, R' is an alkyl group of 1 -5 carbon atoms, an acyl group of 2-6 carbon atoms or an aryl group 
of 6-9 carbon atoms; M is Si, Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge, Zr, Nb, Mo, Sn, Sb, Ta, W, Pb or Ce; and 
z is the valency of M. Also, n is an integer of 0 to (z-1), and when n is 2 or greater each R may be the same or 
different. When (z-n) is 2 or greater, each R' may be the same or different.) 

@ At least one from among colloidal silica, colloidal alumina, colloidal titania and colloidal zirconia. 

1 9. An aqueous dispersion composition for chemical mechanical polishing according to any one of Claims 1 2, 1 6 or 1 8, 
which further contains an oxidizing agent and/or a chelating agent. 

20. An aqueous dispersion composition for chemical mechanical polishing according to Claim 19, wherein said oxidiz- 
ing agent is a persulfate or hydrogen peroxide, and said chelating agent is a nitrogen-containing compound. 

21. An aqueous dispersion composition for chemical mechanical polishing according to Claim 19, which further con- 
tains an organic acid. 

22. An aqueous dispersion composition for chemical mechanical polishing according to Claim 21 , wherein said organic 
acid is at least one from among gluconic acid, lactic acid, citric acid, tartaric acid, malic acid, glycolic acid, malonic 
acid, formic acid, oxalic acid, succinic acid, fumaric acid, maleic acid and phthalic acid. 

23. A process for manufacture of a semiconductor device, characterized in that an aqueous dispersion composition for 
chemical mechanical polishing containing water and composite particles having polymer particles and at least one 
of a silicon compound section and a metal compound section formed directly or indirectly on said polymer particles, 
is used for manufacture of a semiconductor device. 

24. A process for manufacture of a semiconductor device, characterized in that an aqueous dispersion composition for 
chemical mechanical polishing containing water and composite particles obtained by chemically bonding part of a 
coupling compound to polymer particles and then at least one of (1) chemically bonding or chemically bonding and 
polycondensing a compound of ® below and (2) chemically bonding a compound of @ below to another part of 
said coupling compound, to form at least one of a silicon compound section and a metal compound section indi- 
rectly on said polymer particles, is used for manufacture of a semiconductor device. 

CD A compound represented by the general formula RnMfOR^.n (where R is a monovalent organic group of 
1 -8 carbon atoms, R' is an alkyl group of 1 -5 carbon atoms, an acyl group of 2-6 carbon atoms or an aryl group 
of 6-9 carbon atoms; M is Al, Si, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ge, Zr, Nb, Mo, Sn, Sb, Ta, W, Pb or Ce; and 
z is the valency of M. Also, n is an integer of 0 to (z-1), and when n is 2 or greater each R may be the same or 
different. When (z-n) is 2 or greater, each R' may be the same or different.) 

@ At least one from among colloidal silica, colloidal alumina, colloidal titania, colloidal zirconia and colloidal 
ceria. 

25. A process for manufacture of a semiconductor device, characterized in that an aqueous dispersion composition for 
chemical mechanical polishing containing water and composite particles obtained by at least one of (1) chemically 
bonding or chemically bonding and polycondensing a compound of ® below and (2) chemically bonding a com- 
pound of @ below to polymer particles in the presence of said polymer particles, to form at least one of a silicon 
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compound section and a metal compound section directly on said polymer particles, is used for manufacture of a 
semiconductor device. 

(3) A compound represented by the general formula R n M(OR') z . n (where R is a monovalent organic group of 
1 -8 carbon atoms, R* is an alkyl group of 1 -5 carbon atoms, an acyl group of 2-6 carbon atoms or an aryl group 
of 6-9 carbon atoms; M is Al, Si, Ti, V, Cr, Mn, Fe, Co, Ni, Cu. Zn, Ge, Zr, Nb, Mo, Sn, Sb, Ta, W, Pb or Ce; and 
z is the valency of M. Also, n is an integer of 0 to (z-1), and when n is 2 or greater each R may be the same or 
different. When (z-n) is 2 or greater, each R' may be the same or different.) 

® At least one from among colloidal silica, colloidal alumina, colloidal titania, colloidal zirconia and colloidal 
ceria. 
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(54) Composite particles and production process thereof, aqueous dispersion composition for 
chemical polishing, and process for manufacture of semiconductor device 



(57) The present invention provides composite par- 
ticles with sufficient strength and hardness and excel- 
lent heat resistance, a production process thereof, an 
aqueous dispersion containing the composite particles, 
a CMP slurry which is suitable for manufacture of semi- 
conductor devices, and a process for manufacture of 
semiconductor devices that employs it. The composite 
particles are prepared by bonding a silane coupling 
agent and the like, to divinylbenzene polymer particles 
and then reacting a specific metal alkoxide, colloidal 
metal oxide and colloidal silica therewith to form a metal 
compound section and the like, consisting of a metal- 
loxane bond-containing section or metal oxide particle 
section on at least one of the interior and surface of the 
polymer particles. The metal compound section, and 
the like, can also be formed without using a silane cou- 
pling agent. The metalloxane bond-containing section, 
metal oxide particle section and the like, are preferably 



bonded by chemical bonding and/or non-chemical 
bonding to the polymer particles via a silane coupling 
agent and the like, or directly, but they may also be 
sequestered without bonding. CMP slurries containing 
these particles can be advantageously utilized for man- 
ufacture of various semiconductor devices, and particu- 
larly for polishing of wafer surfaces. 
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